Total RNA was isolated from 250 μl of serum with 750 μl of TRIzol ® LS reagent (Life Technologies, Carlsbad, CA). Synthetic C. elegans miRNA, cel-miR-39 (Life Technologies, Carlsbad, CA), was used to normalize possible sample-to-sample variation in RNA isolation as described previously [1] . The extracted total RNA was allowed to air dry at 25°C and re-suspended in 25 μl of diethylpyrocarbonate (DEPC) water (Ambion, Austin, TX, USA) after the final precipitation step. RNA concentration and purity were measured at 260 and 280 nm using a spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA).
Bioinformatics analysis of high-throughput data
After removal of adaptors, insert, poly (A), and shorter RNAs than 18nt, clean and high quality reads were obtained according to previous literatures [2, 3] . These data indicated that the high quality of reads were appropriate for sequencing analysis. These reads were mapped to the reference genome by forcing perfect alignments beginning at the first nucleotide and retaining the longest region of each read that could be aligned to the reference genome, along with all alignment positions.
To identify conserved miRNAs, the filtered sequences contaminated by rRNA, tRNA, snRNA, and snoRNA were initially used to search miRBase release v17.0 (http://www. mirbase.org/) and utilizing BLASTN for the comparison of the candidate miRNAs to the reference miRNA sequences. The remaining putative novel miRNAs were mapped with BLAST against known miRNA from miRBase v17, ncRNA from Ensembl. The criterion was implemented according to a reported miRNA protocol [4] . We excluded sequences that aligned with more than 90% of their length (allowing 1 mismacth) to any of the ncRNA sequences.
Analysis of differentially expressed miRNAs
The Bayesian method was developed for analysis of digital gene expression profiles and accounts for the sampling variability of reads with low counts [5] . Let us denote P(x) the probability to observe x sequence tags of the same gene (i.e., from the 3′ end of the same transcript) when N cDNA clones are picked randomly. For each transcript representing a small (i.e., less than 5%) fraction of the library and N ≥ 1000, P(x) will closely follow the Poisson distribution (formula 1-1). The analysis process was shown in detail: (1) Normalize the expression of miRNA between the two groups to obtain the expression of transcript per million. Normalized expression (NE) = Actual miRNA count/total count of clean reads. (2) Calculate fold change and P value from the normalized expression. Then the log2 ratio and scatter plot were generated. Fold change formula: Fold change = log2 (HCC_NE/HC_NE). P value formula was indicated the formula (1-2). The x and y represented normalized expression levels, and the N1 and N2 represented total count of clean reads of a given miRNA in two groups, respectively. Green based quantitative PCR (qPCR) analysis was carried out on the 7500 Real-time PCR systems (Applied Biosystems, Carlsbad, CA). A stemloop primer based qPCR assay was used to verify 12 mature up-regulated miRNAs screened by sequencing. Each sample was analyzed in triplicate and C. elegans spiked-in miRNAs cel-miR-39 was used for serum RNA normalization control. The relative expression of each miRNA was determined using the equation 2 −ΔCT , where ΔC T = mean C T miRNA -mean C T control (where C T values were the threshold cycle for each sample). The fold change values were calculated relative to the average expression in serum of HCs by using the equation 2 −ΔΔCT , in which ΔΔC T = (mean C T cancer -mean C T control ) − (mean C T healthmean C T control ) [6] .
LNA-based FISH for miRNA
This assay was performed according to the manufacturer's protocol (Exiqon, Vedbaek,Denmark). Briefly, thin sections (4 um thick) of paraffin-embedded specimens were deparaffinized with xylene and rehydrated with graded ethanol dilution. Sections were treated with 0.05% trypsin at room temperature for 15 minutes and refixed in 4% paraformaldehyde for 10 minutes. The slides were prehybridized in a hybridization solution at 51°C for 2 hours. Subsequently, 20 nmol/L of a locked nucleic acidmodified, 5′digoxigenin (DIG)-labeled oligonucleotide probe complementary to miRNAs or a scrambled control probe was added to 100 ml of the hybridization solution and hybridized at a temperature of 51°C overnight. The sections were rinsed twice in 2× standard saline citrate, followed by three washes of 20 minutes at 50°C in 50% formamide/2× standard saline citrate. Then, the samples were washed five times in PBS/0.1% Tween-20 and blocked in blocking solution (2% sheep serum, 2 mg/ml bovine serum albumin in phosphate buffered saline with Tween-20) at room temperature for 1 hour. An anti-DIG antibody (1:1000; Abcam, Cambridge, MA, USA) was applied, and the sections were incubated at 4°C overnight.
In situ hybridization signals were detected using the tyramide signal amplification system (PerkinElmer, USA) according to the manufacturer's instructions. Slides were mounted in Prolong Gold containing 4′,6-diamidino-2-phenylindole (DAPI) (Invitrogen) and analyzed with an Confocal laser scanning microscopy equipped with a Jenoptik camera and VideoTesT-FISH 2.0 software (Olympus).
